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1.0 INTRODUCTION
Currently, the appearance of multiple antibiotic resistant pathogenic bacteria is increasing, compromising the clinical treatment of a growing number of infectious diseases. There is thus an urgent need for new drugs effective against current antibiotic resisting pathogens and opportunistic pathogens. However, during the last 20 years, no new compounds have been introduced into the clinical practice [1, 2] . New bacterial or fungal strains are sometimes discovered through soil and water samples and this has led to an impressive archive of antibacterial agents [3] .
Penicillin, a type of fungal metabolite, declared the beginning of the antibiotics' golden age as it had motivated more investigations to be done on hundreds of microbial metabolites to control bacterial diseases. This eventually evolved into the control of fungal infections, parasitic infestations and some carcinogenic agents. As the history's most studied secondary metabolite, antibiotics have profound medical relevance and have also been applied in many industrial, agricultural, and forest applications [4] .
The antibiotic era began in 1929 with the penicillin discovery by Fleming. However, antibiotic research and industry only flourished after the commercial production of penicillin in the 1940s [5, 6] . Ironically, until the 1970s, only penicillins and cephalosporins were the two known natural β-lactam antibiotics. The identification of other β-lactamcontaining molecules and antibiotics was only possible after new screening and isolation techniques were invented [7] . In fact, screening of microorganisms for the production of antibiotics has provided the cornerstone of antibiotic research programs for the past thirty years. These programs were mostly carried out using fungi and actinomycetes as they can produce natural products with a wide range of chemical structures. To date, more than 400 peptides with antimicrobial activities have been discovered from various sources such as plants, insects, bacteria, and vertebrates.
Two main strategies have been used during the screening process of antibiotics. The first strategy screens out the secondary metabolites known to be useless antibiotics and the second strategy screens for unknown compounds that have demonstrated inhibiting characteristics on some enzymes and/or biological activities of some targets. The latter is mostly done using new technologies. The best antitumor substances are mithramycin, bleomycin, daunomycin and adriamycin [6] . Some antibiotics, on the other hand, have properties similar to anesthetics, anticoagulant, anti-inflammatory, and immunosuppressant. Others may show anabolic, hemolytic, hypocholesterolemic, and vasodilation effects.
The four most important groups of antibiotics, notably penicillins, cephalosporins, tetracyclines and erythromycin take up about US$4.2 billion global bulk sales per annum. Table 1 illustrates the blockbuster markets for antibiotics. Goodman, [9] presented the status of non-medical uses of antibiotics, revealing its past, present, and potential contribution to food and agriculture. Antibiotics have also been used by microbiologists to solve some problems in the research laboratory. An interesting property common to most potent antibiotics is that at very low concentrations, they act as growth stimulants [4] . Actinomycetes produce about 75% of all described antibiotics. Streptomyces species make 75% of all actinomycetes secondary metabolites. The amount of secondary metabolites produced by the Streptomyces hygroscopicus strains is over 180 [10] [11] [12] . Table 2 depicts the number of bioactive microbial secondary metabolites divided into two main groupsantibiotics and other bioactive metabolites. The table lists these secondary metabolites according to the main producer types and other specific producer species. To date, more than 10,000 compounds are continuously isolated from different actinomycetales species where 34% are from Streptomyces and 11% are from rare actions. The major producers, the Streptomyces species, produce about 74% of all actinomycetales (around 7,600 compounds). The rest of the compounds (about 26% or 2500 compounds) [13] . 
Antibiotic Definition and History
The Greek word for against (anti) and life (bios) makes up the word "antibiotic". Chinese has been acknowledged as one of the earliest civilization that used antibiotics, and the ancient Egyptian and Greeks were known to use molds and plants to cure infections. Nevertheless, this does not mean that antibiotic is a novel biological agent, it is simply a common microbial product which belongs to a larger group of anti-viral, anti-fungal and anti-parasitic drugs. When an antibiotic function to inhibit growth, it is called 'antibiosis'. In general, antibiotics are complex chemical substances produced by microorganisms as secondary metabolites. These antibiotics react towards bacteria either by inhibiting their growth or killing them. This is a self-preservation technique used by many other microbes as well. Both synthetic and semisynthetic antibiotics can be defined this way as well, but this definition does not include plants and the compounds derived from them. This is because these materials are considered more as chemotherapeutic agents [14] and thus are termed as "antimicrobials". Nevertheless, they give the same bacteriostatic (inhibition of bacterial replication and growth)or bactericidal (death or lysis of bacterial cell) effects [15] . It should be noted that bacteriostatic compounds do not kill the bacterial cells, but it can give more time to the host to build up its immune system to fight against the infection.
The production of specific toxic substances which are detrimental or inbitory towards other microorganisms has long been discovered by microbiologists in laboratory cultivations. However, this discovery was only widely acknowledged and appreciated in 1929 when Fleming noticed lysis of Staphylococcus aureus colonies which had been contaminated with a mold called Penicillium notatum. Fleming named the freely diffusible substance produced by the mold colony to surround itself as penicillin [16] and in the 1940s, this antibiotic was massively produced through Penicillium notatum caltivation. At that time, these antibiotics were mostly used to treat wounds infects during the World War II and this began the golden age of antibiotics research and development [16] . Today, antibiotics are popular in chemotherapy, plant pathology, food preservation, and veterinary medicine; they can also be found in biochemistry and molecular biology research tools.
Synthesis of Antibiotics and Cell Growth Phase
A single microbial type can produce various metabolites. For example, both Streptomyces griseus and Bacillus subtilis can produce more than 50 types of bioactive secondary microbial metabolites that may include antibiotics, ergot alkaloids, naphthalenes, nucleosides, peptides, phenazines, quinolones, terpenoids, and others. Antibiotics are produced by microbial fermentation on microbial genera inhabiting soil that is undergoing morphological differentiation [17] . For example, penicillin is produced only after the logarithmic growth phase of the cell (trophophase) is completed. The main production of the secondary metabolite occurs during the stationary phase of cell growth (idiophase) as shown in Figure 1 . 
Antibiotics Producing Strains
In order to improve and produce antibiotics in the large scale, in depth knowledge of the microbial producers' physiology, pathway regulations, and control methods are needed. Recently, research efforts have been devoted to elucidate at the molecular level and to understand more about the regulatory mechanisms involved in the control of the biosynthesis of antibiotics [18] . Most works have been focused in antibiotics produced by fungi and actinomycetes where a number of biochemical and genetic controls have been described to optimize the production levels of antibiotics in specific medium [19] . It is true that bacteria, fungi, algae, corals, sponges, plants and lower animals are among the common microorganisms that biosynthesize antibiotic compounds, but most secondary metabolites are actually biosynthesized by filamentous microorganisms like actinomycetes (about 75%) and molds (17%). When isolated from nature, about 40% of filamentous fungi and actinomyecetes can produce antibiotics (Figure 2) . Moreover, about 180 different types of secondary metabolites can be produced by the Streptomyces species alone.
The distribution of the most active metabolites (antibiotics) based on their microbial source. Streptomycetes are potent producers of secondary metabolites because around 45-55% of an estimated 10,000 archived antibiotic are produced by them [4, 20] . They exhibit a wide range of biological activities; e.g. antibacterial (streptomycin, tetracycline, chloramphenicol), antifungal (nystatin), antiviral (tunicamycin), antiparasitic (avermeetin), immunosuppressive (rapamycin), antitumor (actinomycin, mitomycin C, anthracyclines), enzyme inhibitive (clavulanic acid), and diabetogenic (bafilomycin, streptozotocin). Other than secondary metabolites, spore pigment actually have similar structures and they can be synthesized using the same mechanisms [21, 22] .
Other than that, several antibiotics have also been isolated from different Bacillus strains, moenomycins, difficidins, bacillomycins and bacillaenes [23] [24] [25] . Mycobacteriumis another genus of bacteria with interesting antibiotic productivities. For instance, Reichenbach, et al. [26] found that approximately 80% of the isolated Mycobacterium produced compounds with antibiotic and antifungal activity. Some of the most important antibiotics with biological activities produced by microorganisms are listed in Table 3 .
Antibiotics and Gene Coding
The biotechnology industry functions by harnessing the metabolic activities of various organisms to produce various compounds suitable for different industries. In this matter, two methods have been applied: optimization of fermentation process and improvement of strains [27] . Secondary metabolites are very sensitive towards changes in the environmental and cultural conditions. For instance, the in-vitro production of most antibiotics depends on the composition of the culture medium in which the producer organism is grown. For this reason, medium optimization has been the standard procedure for optimizing antibiotic production.
Moreover, the availability of nutrients affects the production of antibiotics as well. It has been proven through fermentation experiments that when there is a significant presence of unfavorable carbon sources or absence of phosphate, then the production of antibiotics can be increased [29, 30] . Production of secondary metabolites is also influenced by the amount of nitrogen present in the culture [8] . The regulatory mechanisms of antibiotics production have not been fully understood, although it is postulated that it is related to the regulation of sporulation because both processes are driven by hormone-like regulatory factors, for example A-factor by S. griseus [31] . 12% of proteins coded by S. coelicolor has also been speculated as having regulatory functions, and in general, it can be said that the streptomycetes have complex regulatory apparatus. 
Antibiotics Types
In this modern era, the antibiotics used in the medical field can be broadly divided into three types.
Natural Antibiotics
Natural antibiotics are also considered as homeopathic remedies that are produced by natural agents like fungi. These antibiotics are 100% natural with no artificial additives. Some examples of such homeopathic remedies include honey and Echinacea. The latter is identical to garlic and fungi which can find bacteria and viruses. It stimulates the production of cells in an immune system to attack infections by providing strength to blood pressure. These antibiotics can be consumed on a daily basis without devastating side effects. For instance, an equal portion of honey and cinnamon can treat skin infections, insect bites and eczema. To treat viral, bacterial, parasites and fungi infections, the olive leaf is a good choice as well. Moreover, its extract can treat cold, herpes, flu, sinusitis, and allergies. Wild indigo has also been used to treat bronchitis, sore throat, mouth sores, tonsillitis, and swollen glands.
Semi-synthetic Antibiotics
Semi-synthetic antibiotics are chemically modified variants of natural antibiotics. Such antibiotics are altered for several reasons: to increase their efficacy, to lower or nullify the side effects, or to change the microbe range that is sensitive to them. An example of such antibiotics is ampicillin. The starting materials are compounds isolated from natural sources such as plants or bacterial or cell cultures which have large and complex molecules. Unlike synthetic antibiotics, semi-synthetic antibiotics are not built up using a stepwise combination of small and cheap (commonly petrochemicals) building blocks [33] .
Semi-synthetic substitutions protect the ring by strict hindrance, which means it may actually inactivate certain penicillinases so that under some circumstances, resistant penicillins may potentiate penicillin G. However, the protective substitutions reduce the intrinsic activity of the synthetic penicillins themselves. Other properties which are affected too include absorption, protein-binding, excretion, and possible drug allergenicity. The effects on an antibacterial spectrum may be secondary to alteration of lipid solubility [34] .
Synthetic Antibiotics
In the USA, bacterial infection is the main cause of health care expense. For some patient, the complications cannot be solved using simple antibiotic therapy and doctors have found limited antibiotic choices for patients in this health-risk category.
With advances in medical science, the development of synthetic antibiotics such as Linezolid and sulfonamides has provided new avenues in the treatment of drug resistant bacterial infections. These antibiotics are designed and produced in laboratories and they are often the only viable option to patients who are suffering from stubborn bacterial infections. In fact, synthetic penicillins are also prescribed to prevent widespread of resistant infections and public health crisis [35] . Synthetic antibiotics destroy the protein synthesis process before its initiation, which is a crucial replication element that controls bacteria survival.
Antibiotic Classification
Antibiotic classification can be done based on the bacterial spectrum (broad or narrow); administration route (injectable, oral or tropical); type of function (bactericidal or bacteriostatic); type of producer; biosynthesis pathway; and chemical structure. Most antibiotics are classified according to their chemical structures as this has been found as the most effective classification method. This has been illustrated in Table 4 where it is clear that different structural class have varying level of effectiveness, toxicity and allergic potential [36] . 
Antibiotics Spectra
This classification separates the biological activity of antibiotics into broad, narrow, and limited spectra [36] . If the antibiotic has a wide range of Gram-positive and Gram-negative bacteria, then it is classified as having a broad spectrum. Otherwise, it will be classified as having a narrow spectrum. If the antibiotic only reacts against a certain type of organism or disease, then the antibiotic is said to have a limited spectrum.
Modes of Action of Antibiotics
As a low molecular weight organic natural product, the antibiotic can be active against other microorganisms at lower concentrations [4] . This activity develops through a limited number of mechanisms where the antibiotics interfere with cell wall peptidoglycan biosynthesis, cell membrane integrity,and protein synthesis and inhibit DNA replication and repair, transcription, and intermediate metabolism (Inhibitors of Protein Synthesis) (Figure 3a, b) . In cell walls, the antibiotics block off the biosynthesis by inhibiting the enzymes responsible for the synthesis of different cell wall components, which is also the case for intermediate metabolism interference.Antibiotics can disorganize the structure or inhibit the function of bacterial membranes. In the synthesis of protein, antibiotics can impair the ribosomal subunits binding upon 50S to prevent the translation and further binding upon 30S. This binding is unfavorable as it may lead to false translation that produces toxic and mutated proteins. For DNA replication, there are antibiotics that affect DNA replication and repair inhibit enzymes like gyrase, topoisomerase, and N-methyltransferase. Some antibiotics can also inhibit bacterial RNA polymerase subunits by resisting the entry of the first nucleotide essential for polymerase activation. Table 5 lists some of the more common classes of antimicrobials and their mechanisms of action. 
Synergism and Antagonism between Antibiotics
Drugs that greatly enhance the antibacterial activity of another are known by three mechanisms atleast.The first is the blocking of successive stepsin a metabolic sequence essential for microbial growth, this can be seen in the mixture of sulfonamide that inhibits para-aminobenzoic acid (PABA) uptake and trimethoprim which in turn inhibits dihydrofolate reductase. The second mechanism involves the inhibition of an enzyme (betalactamase from Gram-negative bacteria) that can destroy a drug (such as ampicillin) by using another drug (like methicillin).The third mechanism is the most extensively studied and is based on the ability of cell-wall inhibitors to enhance the passage of otherdrugs into thecytoplasm of the bacterial cell andpermit them to reach lethal concentrations onribosomes. Antagonism refers to a decrease in bacteriostatic or bactericidal action in the curative effect in vivo [37] .
Antibiotic Susceptibility Testing
To measure the in vitro activity of antibiotics, two basic quantities must be taken into account, namely the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC). MIC refers to the lowest amount of antibiotic needed to initiate growth inhibition of colonies on a place or to reduce turbidity in the broth culture under standard conditions. Its calculation is as shown in Figure 1 . Meanwhile, MBC refers to the lowest amount of antibiotic needed to kill 99.9% of the original inoculum within a specific time frame. If the antibiotic is effective, it means that either the MIC or MBC has been achieved at the targeted infected area. Nevertheless, its dosage, route and frequency of effective administration are also affected by the antibiotic's pharmacological absorption and distribution [38] . The most popular method to test the susceptibility of antibiotics in clinical laboratories is the disk diffusion test (Figure 4 ). This test inoculates the bacterial isolate uniformly onto an agar plate's surface. Then, the plate's surface is applied with a filter disk which has been impregnated with a standard dosage of antibiotic. The antibiotic will diffuse into the adjacent medium and a gradient of antibiotic will then surround the disk. After incubation, a bacterial lawn will appear on the plate where the inhibition zone will be around the antibiotic disk. Its size depends on the antibiotic's diffusion rate, the microorganism's sensitivity degree and the bacterium's growth rate. This inhibition zone is inversely related to MIC [38] .
The conditions to carry out this test have been standardized and thus all antibiotics have their standard inhibition zone.These standard inhibition zones are as shown in Figure 5 for several types of antibiotics. If it happens that the tested antibiotic shows an inhibition zone which is larger than the standard zone, then the organism is said to be sensitive to the antibiotic and vice versa. Lacks known anemic Side effects.
Antibiotic Resistance
A chloramphenicol analog. May slow down bacterial protein synthesis by binding to the 50S subunit of the ribosome a threat to both human and animal health. This is because these germs have become immune to some common types of antibiotics and thus cannot be eliminated easily. Thus, it will aggravate diseases that are hard to treat as the bacterial infection will continue rather than respond to the antibiotics prescribed. Chait, et al. [39] reported that antibiotics promote the spread of clinical resistance because of frequent usage. This eliminates the usefulness of antibiotics, causing some clinical infections dangerously untreatable.Torella et al. [40] mentioned a few pathogens that have grown immune to antibiotics such as tuberculosis and MRSA. Thus, clinical treatment has since twisted more progressively towards multi-antibiotic therapies to synergistically kill the infection.
Before penicillin was commercially produced to cure bacterial infections, antibiotics discovered in Germany in the 1800s were toxic to mammals and were very unstable. Even after penicillin was discovered, Fleming had also warned that some bacteria would mutate and become resistant to penicillin [41] . Although the medical field has advanced in various ways from the time of Fleming, bacteria mutation continues to threaten the human population. The network of resistance is presented in Figure 6 . The growing resistance of bacteria towards antibiotics is actually a natural evolutionary response induced by continuous exposure to these drugs. This is specifically termed as the intrinsic or acquired ability of the bacteria to withstand the inhibitory concentration of an antibiotic. Intrinsic ability is gained through failure of the prescribed antibiotic to reach its target, a lack of affinity for the target, the presence of efflux pumps, or the possession of other chromosomal resistance mechanisms [42] . From clinical aspect, acquired resistance is much more important and significant because of the possible spread of resistant genes through a sensitive microbial population. A number of gene transfer systems can be used to collect these genes, for example the bacterial conjugative plasmids, the transposable elements and the integrin systems. The integrin systems can mobilize the genes causing antibiotic resistance from a DNA system to another and from resistive bacterial cell to susceptible ones [43] .
Some antibiotics tend to weaken the immune system [44] . For example, Stetsenko, et al. [45] discovered that titracyclines cause hemolytic anemia and leucopenia and the effect intensified if the antibiotic was used for a prolonged period of time and in high doses. Streptomycin and chloroamphenicol reduce neutrophil production, causing neutropenia. In fact, around 30 scientists from academia and industry had jointly presented a priority list of steps essential to be taken to tackle this global crisis in the Banbury Conference Center in New York [46] .
Resistance of antibiotics may involve one or more of the following mechanisms: mutation such as in Mycobacterium tuberculosis; inactivation or degradation of antibiotics by some enzymes like β-lactamases; occurrence of efflux mechanisms, for example the inducible cytoplasmic membrane protein mediates the efflux of tetracycilines in some Gram-negative bacteria; diminished permeability that causes an increase in MIC, for instance by Enterobacter aerogenes with certain antibiotics; increased synthesis of target metabolite crush due to increasing PABA as a form of resistance of sulfonamides; acquisition of an exogenous determinateof resistance like the in vivo transfer of vacomycin immuned towards Enterococcus fecalis to multidrug-resistant strain of Stapheyloccus aureus; and inducible resistance to antibiotics like β-lactam antibiotics [47] . The use of genotypic approaches for antimicrobial resistance genes detection has also been promoted as a way to increase the rapidity and accuracy of susceptibility testing.
How to Take Antibiotics?
Normal antibiotics prescription period can be three days or seven to ten days. Doctor prescribed antibiotics need to be taken at regular, specified time intervals, such as every four, six, eight or 12 hours and sometimes there may be other specific instructions Some antibiotics can be taken on an empty stomach, but others must be taken an hour before, during or two hours after meal. There are antibiotics that cannot be taken with certain foods and drinks and alcohol is prohibited if metronidazoleis to be consumed. Tetracycline cannot be taken with dairy products, including milk, as they will reduce the antibiotics absorption into bloodstream. Bacterial resistance to antibiotics often occurs when the prescribed amount is not finished or not consumed as directed by a doctor. Antibiotics are usually prescribed in tablets, capsules or syrup for children. They can also be given by injection or applied directly to infected part as drops, lotions or ointments.
Antibiotic Side Effects
The severity of antibiotic side effects can be different from simple to life-threatening reactions like labored breathing and asthmatic attack. Feeling sick, diarrhea and being sick are the most common antibiotics side effects. There can also be digestive tract and infections of the mouth due to the destruction of the good bacteria. More serious antibiotic side effects include kidney stone formation with sulfonamides; increased sun exposure sensitivity with tetracyclines; blood clotting with cephalosporins; deafness with erythromycin; blood disorders with trimethoprim; and etc. Penicillin, erythromycin and cephalosporinscan cause colitisin older people and lead to severe diarrhea as well. Side effects often occur due to allergy to antibiotics, especially penicillin which can cause swelling of the tongue and face, rashes and difficulty in breathing. About 90,000 people die because of super bugs like Staphylococcus aureus, which is the deadly resistivity. Table 5 illustrates the side effect of some antibiotics.
Antibiotic Uses
Antibiotics are used in veterinary medicine, poultry, cattle, fishes and in human medicine. Antibiotics are needed in large quantities in animal farming to prevent and treat infections, but smaller quantities are also used to promote growth. Bacterial infections in fruits and vegetables can be treated by antibiotics like streptomycin and oxytetracycline. However, the downside of such massive applications is that these antibiotics, often found in liquid waste at animal feedlots, have contaminated surface and ground water. These residues have also been found in sewerage treatment plants and important water resources across the European continent. Consequently, many microorganisms which are essential to keep the environment's balance have been killed unintentionally and the amount of resistant strains has multiplied as they have found favorable conditions to survive.
Four Types of Antibiotic Reaction
Drug-induced hypersensitivity reactions are normally caused by antibiotics such as penicillin and the sulfonamides. This type of reactions has four kinds of immunologic mechanism: Type Iimmediate hypersensitivity reactions; Type II-cytotoxic reactions; Type III-delayed, immune complex allergic reactions; and Type IV-cell-mediated hypersensitivity reactions. Systemically, they are expected to have an entire-body effect via the bloodstream through four stages-absorption, distribution in the body, metabolized, and disposal. These stages may be chronologically or concurrent.
Antibiotics Metabolism

Absorption
Absorption is the flow of drug in blood streams and is heavily dependent on the amount and type of antibiotic prescribed as well as the mode of administration. The antibiotic can be administered orally where the antibiotic will be digested after being disintegrated, crumbled, and dissolved in the stomach. Some active ingredients will then pass through the stomach wall to flow into the bloodstream while some will flow into the intestine before being absorbed into the bloodstream. The undistributed ingredients will flow into the liver to be partially transformed or eliminated. This is also termed as the "first-pass metabolism".
Alternatively, the antibiotic can be administrated in parenteral ways such as through injection (intravenous, intramuscular or subcutaneous), transcutaneous route (patches or ointments), granules (to melt under the tongue), rectal (suppositories), and etc. This means that the antibiotic is introduced and distributed without undergoing extensive firstpass metabolism.
Distribution
The antibiotic will be distributed throughout the body through the bloodstreams. It then exerts its action after reaching the target, which may be a certain type of cell, site of infection, and etc.
Metabolism
This entails the purification of the entire body by degrading the antibiotic in phases for easier elimination. Some active ingredients are naturally discarded through the liver, kidneys, or lungs. This is a self-therapeutic activity and the products are called metabolites.
Elimination
The active ingredients and/or metabolites can also be eliminated through the urinary bladder, in feces, or sometimes through the lungs. The lungs can help to eliminate substances that can evaporate easily.
Antibiotic Assay Methods
Practical assaying fermentation samples are very important to study the antibiotic production of actinomycetes. The dilution test mentioned earlier is one of the most widely used methods [48] . Some other methods include the agar diffusion test or cup test [49] and the linear diffusion test [50] . The cup test is popular for studying the bioassay of penicillin-containing solutions [51] when the antibacterial agent is also an aggressive bacteriostatic acidic substance with relatively low molecular weight compared to most actinomycete antibiotics which have higher molecular weight and are mostly neutral or basic. However, the diffusion rate depends on the pH and agar medium's composition [52] and thus it is difficult to interpret the agar diffusion assays in solutions with a mixture of antibiotic substances [53] . For better interpretation, it is better to use the dilution method.
In microbiological assays, the type of test organism has to be chosen carefully because some bacteria are relatively more sensitive towards certain antibiotics than others. The success of finding antibiotic-resistant or antibiotic-dependent test organisms have been previously reported [48] , but the results are not completely satisfactory as the resistance and dependency have not been specified [54] .
As more knowledge is gained regarding the chemistry of actinomycete, some complete or partial chemical procedures have been introduced to analyze fermentation samples. For example, the fermentation samples of streptomycin have been studied using the formation of maltol from streptomycin through alkaline degradation [55] and the formation of hydroxymethylfurfural in mannosidostreptomycin through acidic degradation [56] . Even though these methods are considerably more efficient, analyses of pure antibiotic materials' aqueous solutions with complex organic substance are always complicated and uncertain. Thus, it seems that microbiological methods will be used more widely than chemical assay methods although the latter are more specific, since the former are more sensitive and can be comparatively accurate under controlled conditions [50] .
The diffusion assay of antibiotics employing a disc plate method has the great virtue of convenience, simplicity, sensitivity, efficiency, and dependability [57, 58] . A chemical or physicochemical test, if validated as completely specific for the active component, may be more accurate than results generally achieved with microbiological procedures [59] .
A chemical or physical test has been often more amenable to automation than microbiological procedures [60] . Recently, automation has made more efficient and accurate use of turbidimetric and colorimetric assays [61] . Nevertheless, microbiological tests have broader application and are easier to establish because they provide a valid measure of antibiotic activity with little danger, generally, of interference from biologically inactive components or degradation products. Particularly, the disc plate method persists in wide use [58] .
Antibiotic Sensitivity Tests
Antibiotic sensitivity tests are performed to determine the susceptibility of pathogens to certain types of antibiotics. The result of these tests is called an antibigram which enables the clinician to choose the optimal active antibiotic for chemotherapy and to discard antibiotic which is resistant to pathogens. The sensitivity of pathogens can be determined using the disc diffusion test, dilution test (to determine MIC), E-test, and the break point test. The disc diffusion test is preferred for bacteria that can produce obvious growth after an overnight incubation. Meanwhile, the dilution test is mostly conducted to determine an organism's ability to grow under a certain concentration of antibiotics in a liquid or solid medium.The Etest is read by noting the lowest concentration of antibiotic which prevents the growth. The break point test uses dilution test to determine which strain is resistant or sensitive [47] .
2.0 SUMMARY
Antibiotics are produced by microorganisms and service functions for the survival of the organisms that produce them.To date, a wide range of identified antibiotics are produced by the members of the Streptomyces genus, but it is estimated that only 3% has been discovered so far. Antibiotic is a combating weapon that is used to fight against other members in the community as well as an agent of symbiosis between microbes and plants, nematodes, insects, and higher animals. Nevertheless, it has also found applications in chemotherapy, plant pathology, food preservation, veterinary, and biochemistry and molecular biology research field. Classifying the antibiotics according to their chemical structures is the most acceptable classification method although there are other methods. Also, based on antibiotic type, different antibiotic has a different mode of action for killing the pathogens. Antibiotic resistance can be treated with multi-drug synergistic effect, which in turn can be determined by several methods in the biological fluid.
